Abstract To identify differentially expressed genes in soybean grown under different drought conditions, cDNA libraries from roots of different genotypes were constructed. Genes of contrasting genotypes of soybean were found to be differentially expressed in plants exposed to drought conditions. A total of 753 no redundant clones were identified by PCR, and these were printed on microarray glass slides. Probes of total RNA were prepared from bulked roots subjected to 25 and 50 min (Bulk 1) or 75 and 100 min (Bulk 2) of drought stress. Differential expression of 145 genes, involved in metabolic pathways responsive to biotic and abiotic stresses, was observed. These genes were classified into nine functional categories, including energy, transcription factors, metabolism, stress response, protein synthesis, cell communication, cell cycle, cell transport, and unknown function. The functionality of some of these genes was confirmed by quantitative real-time PCR (qRT-PCR).
Introduction
Drought is one of the main environmental factors limiting crop production and plant distribution throughout the world. Previous studies have shown that drought modifies plant physiological and biochemical responses, including stomatal closure, photosynthesis, and respiration, which adversely affect growth and development (Gorantla et al. 2007) . Plants also respond and adapt to stress situations at the cell and molecular levels, especially by accumulating the osmolytes and proteins involved in stress tolerance (Umezawa et al. 2006) . However, plant responses to drought are complex, involving the expression of genes that coordinate and integrate multiple biochemical pathways related to adaptation to dryness. Genes differentially expressed during drought include those encoding key enzymes for the biosynthesis of abscisic acid, proteins involved in osmotic adjustment and cell protection, numerous cell-signaling proteins such as kinases and phosphatases, and transcription factors (Kim et al. 2007) .
Understanding molecular mechanisms involved in drought tolerance is essential for developing strategies to control drought stress and subsequently for genetic engineering, breeding, and selecting plants adapted to drought (Shinozaki and Yamaguchi-Shinozaki 2007) . The application of transcript analysis techniques to study drought tolerance has brought important insights within the biochemical and molecular mechanisms. The drought tolerance mechanisms involve alterations in the cell-signaling cascade that can be mediated by transcriptional and posttranscriptional changes. The greatest challenge is selecting candidate genes for detailed study from the thousands of genes present in the genome (Matsumura et al. 2005) .The DNA-microarray technique helps elucidate gene expression profiles. One of its advantages is the simultaneous analysis of a large number of genes and samples. Also, it provides a way to explore metabolic and gene expression patterns at the genomic scale, and the possibility of analyzing the expression of unknown genes compared to sequences in data banks (Oono et al. 2003) . Other advantages include the ability to analyze expression standards in a parallel manner, immediate interpretation of the hybridization results, and the possibility of analyzing the expression of unknown genes with sequences contained in data banks (Yamada et al. 2003) . qRT-PCR has been used to complement and confirm results generated by microarray analyses, it is verified to be precise in quantifying expression levels of a particular gene (Ginzinger 2002) .
Lately, much information has been reported in drought tolerance mechanisms in soybean. However, much research is still needed if the molecular mechanisms involved in defense and regulation responses against cell dehydration are to be understood. Previous physiological and agronomical characterizations by our research group have ranked soybean genotypes regarding drought tolerance, in which MG/BR46 (Conquista) genotype-a water-deficit tolerant one-presents a more aggressive root system and productivity aspects that make it more tolerant to drought. BR16-a water-deficit sensitive one-presents high productivity, but it is very sensitive to drought conditions (Oya et al. 2004) .
As a starting point to understand the key molecular mechanisms involved in drought tolerance, a microarray experiment was carried out focused on the effects of drought stress on a tolerant and a sensitive soybean genotype. The arrays were constructed from cDNA libraries from roots submitted to varied water shortage intensities. Our objective was to identify differentially expressed genes in response to drought, to categorize the genes according to biological function, and to locate their respective products in likely metabolic pathways. Finally, possible differences in the expression patterns of those genes were assessed in the two drought tolerance contrasting genotypes.
Materials and Methods

Plant Material and Experimental Design for cDNA Microarray Analysis
Seeds of two genotypes, MG/BR46 (Conquista) and BR16, tolerant and sensitive to drought, respectively, were germinated in a controlled environment chamber and the 4-day-old seedlings were transferred to a hydroponic system containing nutrient solution. Each treatment consisted of 30 plants, totaling 450 plants per genotype, considering three biological repetitions, in a randomized complete block design experiment. Water stress was applied at the V3 stage. The plants were subjected to drought for 0, 25, 50, 75, or 100 min, removing the roots from the nutrient solution, and keeping them in the dark. Roots were collected after each period of exposure for molecular analyses. Temperatures in the greenhouse were controlled at 30±2°C during the day and 25±2°C at night, with relative humidity near 50%.
The physiological effects of the treatments were monitored in terms of photosynthetic rate (A), stomatal conductance (g s ), intercellular carbon dioxide concentration (C i ), and leaf temperature (°C). Data were collected from the middle leaflet of the third completely expanded leaf from the apex of all plants in each treatment, using a portable Photosynthesis System (LI-COR, model LI-6400) set at a light intensity of 1,000 µmol m −2 s −1 .
ANOVA was performed on the physiological data using the SAS program, comparing effects of treatments within each genotype. Means were compared using Tukey's test (p ≤ 0.05).
cDNA Microarray: Array Construction, Hybridization and Analysis
Selected clones from a cDNA library, previously constructed at the Biotechnology Laboratory at Embrapa Soybean, were independently amplified by PCR to produce the microarray. A PCR reaction was carried out for each clone of 50 µL containing approximately 25 ng DNA, 0.1 mM dNTPs, 0.2 µM each primer (Forward: 5′-CCGAGATCTGGAC GAGCTT-3′ and Reverse: 5′-GCTTAACCGGTTCACTCG-3′), 2.4 mM MgCl 2 , 0.25% DMSO (Dimethylsulfoxide), reaction buffer (1×), and 0.04 U/µL Taq DNA polymerase (Invitrogen). The amplification conditions corresponded to one step at 10 min at 94°C, 30 cycles at 94°C for 30 s, 73°C for 30 s, and 68°C for 1 min and a final step of 10 min at 72°C. One aliquot of the PCR product was run in 1% agarose gel to verify the presence of a single band. The amplification product of each clone, corresponding to approximately a 3-µg DNA, was placed in a 96-well polystyrene plate and mixed with DMSO (1:1v:v) . The DNA samples obtained were printed on CMT-GAPS2 glass slides (Corning, New York, USA) treated with aminolysine, which permitted covalent linkage of the NH4 + extremity with the PO 4 − extremity of the DNA, in duplicate, using the GMS-417 Arrayer equipment (Affymetrix).
In each period of time and genotype, total RNA was extracted using Trizol reagent (Invitrogen) according to the manufacturer's instructions. The direct cDNA marking technique was used during the reverse transcription, using the Cy3 (green) and Cy5 (red) fluorophorous. For marking, 20 µg of total RNA from each sample was mixed with 40 U/µl RNAsin (Promega), 15 µg pd(N)6 random primer (Amersham Bioscience). A mixture was incubated at 70°C for 10 min and quickly chilled at 4°C. The RNA sample was mixed with reaction buffer (1×) (Invitrogen), DTT 10 mM, dNTP mix (0.25 mM dATP, dGTP, dCTP; 0.1 mM dTTP), Cy3-dUTP or Cy5-dUTP 1.25 mM (Amershan Bioscience), and 20 U of the RT-Superscript II reverse transcriptase (Invitrogen). The cDNA was synthesized at 37°C for 3 h in the dark, and the RNA was later hydrolyzed by incubating with NaOH 1 M at 37°C for 40 min. The reaction was neutralized by adding Tris-HCl 8 M, pH 7.5. The sample containing marked cDNA was then purified in a Microcon YM-100 column (Millipore) (Souza 2006 ).
The hybridization schemes using different treatments to both genotypes were paired as follows: 1) T 0 -Cy5 (control plants) plus T 1 -Cy3 (bulked roots of plants submitted to 25 and 50 min of treatment), and 2) T 0 -Cy5 (control plants) plus T 2 (bulked roots of plants submitted to 75 and 100 min of treatment). The pairs of cDNA markers were mixed in hybridization solution containing the RPN3601 liquid blocker (Amershan Bioscience), SSC (20×) and SDS 2%, and pre-denatured at 95°C for 2 min. Hybridization occurred in the GeneTac Hybridization station (Genetic Microsystems), to which the glass slides of the microarray were attached. Each cDNA mixture was distributed on the slide and hybridized at 42°C for 12 h. After hybridization, the slide was automatically and sequentially washed in 0.5% SSC (2×)/SDS, SSC (0.5×) and SSC (0.05×), at 25°C. Each washing lasted for a period of 15 min, with 10-s flow and 20-s incubation for 10 cycles. The slide was dried for 15 min. Three slides were used for each experiment, that is, RNA extractions; cDNA synthesis and hybridizations were carried out with three biological repetitions for each experiment performed, and in each slide, the PCR product was spotted in duplicate.
The fluorescent signs were obtained using a GMS-418 Arrayer scanner (Affymetrix). The images obtained were overlaid and analyzed, and the density in pixels (intensity) was determined for each spot on the microarray, using the ImaGene program 5.5 version (Biodiscovery). A grid of independent cells, corresponding to each DNA spot on the arrays, was drawn on the image to designate each spot to be quantified. The quantification was calculated by the mean of the intensity of all the pixels concerning the hybrid sign of each spot. The pixels classified as background were automatically subtracted by the program.
The location and identification of each gene in the array were defined in a text file created by the CloneTracker 2 program (Biodiscovery), and the quantified data were exported and transformed by the Gene Sight Program version 5.5 (Biodiscovery). Normalization was carried out following the correction parameters (locally weighted linear regression/robust locally weighted regression/local polynomial regression) (Cleveland 1979) , with a local normalization method (the algorithm was applied in physical subsets of the data, that is, on a subgrid).
After normalization, the microarray replication data, independent for the same experiment, were processed by the SAM statistical tool (Significance Analysis of Microarray, Chu et al. 2001 ). This analysis was based on a series of specific t tests for each gene, adapted for large-scale detection of differentially expressed genes . Resulting differentially expressed genes were categorized by the Gene Ontology site (GO) searching through the following databases: Kyoto Encyclopedia of Genes and Genomes (Kegg), the Arabidopsis Information Resource (Tair), and the Munich Information Center for Protein Sequence (MIPs) in the Functional Category (FunCat) scheme to determine the functional group each gene belongs to. The soybean genes were distributed in nine categories according to cell function. After processing, the sequences identified as different were placed in the Genbank, in the ESTs bank (NCBI, www.ncbi.nlm.nih. gov), and the experimental data were placed on the Embrapa Soybean site (http://bioinfo.cnpso.embrapa.br/ seca) following the MIAME standards (minimal information on the microarray data) (Brazma et al. 2001 ).
qRT-PCR Analysis
For each period of time, total RNA was extracted using Trizol reagent (Invitrogen) according to the manufacturer's instructions and synthesis of the complementary DNA (cDNA) was achieved using Moloney murine leukemia virus (MMLV) (Invitrogen) reverse transcriptase, according to the method described by (Schenk et al. 2003) . Primer Express program v.3.0 (Applied Biosystems) was used to design the primers for RT-PCR, being determined on the 3′ regions of the genes with putative amplicons of 75 to 150 base pairs (bp). In order to validate microarray data, based on those results seven genes were chosen, verifying the probable location of these genes on abiotic-response metabolic pathways. The number of accessions was obtained from the NCBI similarity search including the genes Gmerd1, Gmsiringolide A Gmsiringolide B, Gmp450, Gmcpn10, and Gmlea14. Gmβ-actin was used as the reference for normalization (Stolf 2007) (Table 1) .
qRT-PCR analyses were performed using a 7300 Real Time System (Applied Biosystems) thermocycler and the Platinum®SYBR®Green qPCR SuperMix UDG (Invitrogen). The reaction conditions were 50°C for 2 min, 95°C for 10 min, 45 cycles at 95°C for 2 min, 62°C for 30 s, and 72°C for 30 s; the data were collected in the last phase (extension phase). The formula E=[10 −1/slope ]−1 was used to calculate the reaction efficiency. The results were captured by the Sequence Detection program (Perkin Elmer) and analyzed by Relative Expression Software Toll (REST) version 2.0.7 (Pfaffl et al. 2002) .
Results and Discussion
Physiological Response of Soybean to Drought Stress
The aim of this study was to identify mechanisms with a general relevance for drought tolerance in soybean by comparing genotypes differing in drought stress tolerance. Water shortage monitoring in plants submitted to water deficit showed that A and g s values gradually decreased until the end of the experiment (100 min of stress), but the values for the MG/BR46 (Conquista) and BR 16 genotypes differed only for the T 0 treatment (no stress) ( Fig. 1a and b ). C i and leaf temperature increased proportionally with the severity of the stress; C i values were greater in BR16 (Fig. 1c) , whereas leaf temperatures were the same in both genotypes (Fig. 1d) .
The experiment for the construction of cDNA library was performed in pots containing sand. The profile of physiological responses was similar to that of plants in the hydroponic system. A values were reduced 24% for MG/ BR46 (Conquista) genotype and 40% for BR16 genotype and g s values were reduced by 65 and 50% for the MG/ BR46 (Conquista) and BR16 genotypes, respectively, in 15 days after the onset of stress (T 1 ). No differences between the genotypes were detected for A in the second treatment period (T 2 ), probably because the plants were already senescing. However, the values of g s were reduced by 79% in MG/BR46 (Conquista) (Stolf 2007) . The results with BR16 in both treatments suggest a partial closing of the stomata, with sufficient CO 2 input to the maintenance of photosynthesis and C i . Water stress significantly reduced A in all conditions evaluated. In addition to stomata closure-limiting CO 2 entry and causing photosynthesis reduction, plants under water deficit may present limited ribulose-1, 5-bisphosphate synthesis (Lawlor and Cornic 2002) . The limitation of RuBP synthesis is probably linked to the reduction in the synthesis of ATP (Lawlor 2002) . Plants under water stress often show a moderate increase in water use efficiency, since a reduction of stomata opening limits transpiration more than the influx of CO 2 (Kron et al. 2008 ). This is due to a greater increase in resistance to CO 2 diffusion in the mesophyll, thus decreasing the efficiency of carboxylation (Lawlor and Cornic 2002) . These results indicate that the treatments effectively induced severe stress, and were a reliable basis for molecular analyses. 
Drought Effects on Gene Expression
A total of 753 non-redundant sequences were used from a cDNA library to construct the DNA-microarray slides. Each one of the amplified clones presented a band indicating the presence of only one fragment, between 0.4 and 1.6 kilobases (kb) in length, corresponding to the plasmid DNA insert (data not shown). For cDNA microarray analysis, the q value and data reliability values, which are significant indicators of gene expres- Fig. 1 Physiological parameters analyzed in the two soybean genotypes to monitor the drought treatments (0, 25, 50, 75, and 100 min) in a hydroponic system. a Photosynthetic rate, b stomatal conductance, c Intercellular CO 2 concentration, and d leaf temperature. ■ MG/ BR46 (Conquista) and □ BR16. The vertical lines between the bars correspond to the standard error of the means Table 2 Parameters applied by SAM tool during analysis of cDNA microarray data and number of differentially expressed genes for two soybean genotypes, MG/BR46 (Conquista) and BR16, in two stress periods (T 1 : 25 and 50-min stress and T 2 : 75 and 100-min stress) in a hydroponic system. Time zero (T 0 , without stress) was used as control in cDNA microarrays analyses a Hybridization was performed using the cDNA from time zero (T 0 , without stress) marked with "Cy5" and cDNA from the first treatment period-T 1 (25 and 50-min stress) marked with "Cy3". b Hybridization was performed using the cDNA from time zero (T 0 , without stress) marked with "Cy5" and cDNA from the second treatment period-T 2 (75 and 100-min stress) marked with "Cy3". Table 2 Parameters applied by SAM tool during analysis of cDNA microarray data and number of differentially expressed genes for two soybean genotypes, MG/BR46 (Conquista) and BR16, in two stress periods (T 1 : 25 and 50-min stress and T 2 : 75 and 100-min stress) in a hydroponic system. Time zero (T 0 , without stress) was used as control in cDNA microarrays analyses (Fig. 2 ) and the interrelationship of the differentially expressed genes in both genotypes and applied treatments (Fig. 3) . We focused on genes differing in their response to drought stress, from tolerant and sensitive genotypes. In statistical terms, this means that we searched for genes showing a significant interaction effect between condition and tolerance group. To validate our method, we compared genes that had previously been described as drought induced in soybean or monocots with those showing a drought significant effect on gene expression. In response to drought, plants activate and express genes related to other abiotic stresses, such as cold and salinity, including genes that are at the top of the signaling cascade, such as those identified in this study, for example, the nac2, ereb, siringolide a and b, c2h2, myb, dreb1, and bzip transcription factors. Genes which are activated by these transcription factors and by hormone/metabolic mechanisms are involved in cascade reactions acting directly in response to abiotic stresses-such as the erd1, erd6, lea14, and cpn10 genes and stress-signaling response genes-including kinase proteins that are involved in the protection of macromolecules, such as enzymes and lipids, and in the protection of cell components, such as membrane proteins. Data reported by Vanderauwera et al. (2007) also showed differentially expressed genes related directly to abioticstress responses in Arabidopsis thaliana, including erd1, lea14, and others such as rd29a, kin1, and cor15a. These data indicate an overlap and sharing of metabolic pathways in Arabidopsis and soybean. Metallothioneins and late embryogenesis abundant proteins had previously been found to be induced in young rice plants under long-term drought stress (Hazen et al. 2005; Markandeya et al. 2007) and in barley and A. thaliana (Ozturk et al. 2002; Talamè et al. 2007 ) under drought stress. Also, cytochrome P450 family proteins and serine/threonine protein kinases were prominent among genes in EST libraries from droughtstressed rice plants (Degenkolbe et al. 2009 ).
In our study, the unknown genes added up to twentynine, which corresponds to 20% of the differentially expressed transcripts. This is an indication that these transcripts have not been reported in other organisms; therefore, the number of functionally unknown transcripts is probably greater because many were distributed by category based on the domain similarity with other deduced protein sequences, but their true functions were not reported. In addition to these, genes encoding transcription factors and genes involved in metabolism had the greatest representation in both soybean genotypes. These transcription factors include those participating in biosynthetic and regulatory pathways, such as mybj7, siringolide a and b, nac2, bzip, c2h2, and ereb.
Differential Response of Drought Stress Tolerant and Sensitive Genotypes
Some genes were identified in T 1 in MG/BR46 (Conquista) and in T 2 in BR16, which may explain the difference in drought tolerance and sensitivity of these genotypes. MG/ BR46 (Conquista) perceived moisture deficiency quicker and in T 1 set off immediate response mechanisms, whereas, in BR16, the response mechanisms were triggered later. In fact, if we considered only the physiological aspects, especially photosynthesis and stomata conductance, we would deduce that both genotypes sense drought similarly. However, our molecular data, especially gene expression values, suggest that the same molecular mechanisms operate in both genotypes at different stages in response to drought. This was confirmed by the qRT-PCR data, especially for the a and b Gmsiringolides transcription factors and Gmlea14 that are directly involved in stress response. Increased expression of these genes was detected in both MG/BR46 (Conquista) and BR16 in all treatment periods (Fig. 4b, c and f) . To identify genes which may be relevant for soybean drought tolerance, we looked for genes showing differences in expression between the groups identified by our physiological measurements. This search strategy implies that genes contributing to tolerance show different expression patterns in the tolerant compared to the sensitive genotypes. The number of genes that were significantly drought induced was higher in the group of sensitive than in the group of tolerant genotypes. Hazen et al. (2005) and Degenkolbe et al. (2009) also found large differences between genotypes in the number of drought-affected genes. In fact, this pattern has recently been observed in Arabidopsis accessions differing in freezing tolerance (Hannah et al. 2006 ). However, the sensitive genotype could show gene expression alterations if the imposed degree of stress evoked additional, damage-related responses that were not yet induced in the tolerant genotype. Alternatively, genes contributing to drought tolerance could be constitutively highly expressed in the tolerant genotype. If these genes are not (or very lowly) expressed in the sensitive genotype, they will not be reliably identified with our search strategy. If these tolerance genes are drought induced in the sensitive genotype, a negative interaction factor will result. The cytochrome Gmp450, which showed increased expression in microarray analysis in both genotypes in T 2 , has a key role in the biosynthesis of several lipophilic compounds such as fatty acids, sterols, phenylpropanols, phytoalexins, and gibberellins. Furthermore, an experiment with A. thaliana showed that, in the promoter region of this gene, the cis elements acting in response to abiotic stresses, such as for the myb, myc, abre, and nac genes, have an independent ABA pathway . In confirmation, qRT-PCR showed high expression of this gene in MG/BR46 (Conquista) and BR16 in T 2 (Fig. 4d) . It was, therefore, inferred that Gmp450 is probably involved in activating Gmnac2. In Arabidopsis, CYP86A2 of the cytrochrome family catalyze the oxidation of fatty acids and are involved in the biosynthesis of extracellular lipids and cuticle development (Xiao et al. 2004) . CYP86A2 transcripts are increased under various stress conditions including drought (Duan and Schuler 2005) and co-expressed among others with genes encoding enzymes involved in the TCA cycle, fatty acid elongation, wax and cutin metabolism (Ehlting et al 2008) .
In rice, epicuticular wax content is low, but genetic variation of the amount exists (O'Toole and Cruz 1983). Induction of cuticle biosynthesis under drought could thus reduce non-stomata water loss in the tolerant genotypes and thereby contribute to the observed increased water use efficiency. In Arabidopsis, cyp86A2 is furthermore coexpressed with genes coding for chlorophyll biosynthesis and photosystems, which suggests a link to the second process that has been identified as relevant for rice drought tolerance (Degenkolbe et al. 2009 ). Cytochrome P450 76C2, which is more highly induced in the sensitive than in the tolerant genotypes, is known to be induced during hypersensitive and developmental cell death, senescence, and also under drought stress (Narusaka et al. 2004) , stressing the significance of both differences in P450 protein regulation and senescence-associated processes for rice drought tolerance .
The NAC family is one of the largest groups of transcription factors in plants. A NAC sequence was identified (Gmnac2) in BR16 in T 2 . Genes from this family participate in various biological processes including responses to biotic and abiotic stresses. A study using A. thaliana showed that the Atnac2 gene is involved in the salinity response and lateral-root development; this gene also induced the stress-response expression of erdl (He et al. 2005) . The expression profile of Gmerd1 differed from that of Gmnac2, as shown by the microarray for MG/ BR46 (Conquista) (Fig. 4a) . However, expression of erd1 was not affected in transgenic drought-affected A. thaliana that over-expressed the nac gene. By an independent ABA-regulated system, of which erd1 is part, promoter analysis has shown that erd1 is differentially expressed in response to drought and salinity, and senescence is induced by the absence of light (Tran et al. 2007 ). However, Simpson et al. (2003) demonstrated that the expression of erd1 during dehydration is controlled by the coordinated activity of two cis-acting elements, the recognition site of the myc (CATGTG) and the sequence of the rps1 site of the 14 bp nac (CACTAAATTGTCAC). The myc gene was not identified by cDNA microarray analysis, probably because the redundancy of the cDNA library (48%, data not shown) was not high enough or because the stress was applied at 30 days after plant emergence, possibly too late for detection of this transcription factor. In the study by Tran et al (2009) 31 unigenes were identified containing the complete open reading frames encoding Gmnac proteins from soybean. Analysis of Cterminal regulatory domain using yeast one-hybrid system indicated that among 31 GmNAC proteins, 28 had transcriptional activation activity. Expression analysis of these Gmnac genes showed that they are differentially expressed in different organs, suggesting that they have diverse functions during plant growth and development. To search for the drought-inducible Gmnac genes, it was prescreened and reconfirmed by quantitative real-time PCR analysis that nine Gmnac genes are induced by dehydration stress with differential induction levels in both shoot and root. Phylogenetic analysis of the GmNAC proteins with previously reported drought-inducible NAC proteins of Arabidopsis and rice revealed that the nine drought-inducible GmNAC proteins belong to the stress-inducible NAC group. The results of this systematic analysis of the GmNAC family will provide novel tools and resources for the development of improved drought-tolerant transgenic soybean genotypes.
The introduction of the gus reporter directed by the erd1 promoter region showed that there is a recognition sequence (NACRS) in the erd1 promoter region. The NAC protein activates the expression of erd1 in the stress response. The expression of NAC did not induced the transcription of erd1 in the present study, as the nac may be linked to this NACRS and other transcription factors are needed to link to the rps1 site; together they may control transcription of erdl induced by dehydration. For a better understanding of the signaling paths leading to erd1 activation, Tran et al. (2007) isolated zinc-finger transcription factors (zfhd1) containing the domain that may be linked to the rpsl site. The over-expression of both nac2 and zfhdl-activated erd1 under normal growth conditions (without stress) in genetically engineered A. thaliana plants. The transcription factor containing zincfinger domain was also differentially expressed in BR16 in T 2 as nac2 ( Table 6 ), indicating that the transcription factors functioning in the expression of the stress-induced erd1 may be transcriptional activators. However, the participation of a single transcription factor, for example Fig. 2 Rates of genetic expression per functional category in two soybean genotypes, MG/ BR46 (Conquista) and BR16, under different drought conditions in a hydroponic system (T 1 , 25 and 50-min stress; T 2 , 75 and 100-min stress). Time zero (T 0 , without stress) was used as control in cDNA microarray analysis zfhd1, was not sufficient to produce any increase in erd1 levels. These observations suggest that the attachment of additional transcription factors is necessary. Two studies have shown the involvement of transcriptional activators of stress-induced genes, one of them rd22, which, during dehydration, is controlled by the coordinated actions of the Atmyc2 and Atmyb2 factors in the expression of the ABA response of the rd29a gene that required the interaction of the DREB and AREB transcriptional activators .
The differential expression of ereb occurred in both soybean genotypes analyzed (Fig. 3) , indicating that it was activated by the ethylene signal pathway, although it occurred at different times after the onset of stress. Studies of the function of ethylene response genes (ereb) have shown that signaling and the function of the ethylene receptors are important in regulating growth and the response to saline stress, for example as observed in genetically engineered tobacco plants that over-expressed the ethylene receptor (NTHK1). This was confirmed by the application of the ethylene precursor, aminocyclopropane carboxylic acid (ACC), partially or completely suppressing epinasty, suggesting that ethylene may be required for tolerance of abiotic stresses in plants, such as salinity and drought (Cao et al. 2007) . A mutant sensitive to ethylene, ein2-1, showed tolerance to salt indicating that this mutant permits tolerance of the plant to salinity. This receptor (NTHK1) was essential for saltinduced expression of the Atnac2 gene, which promotes natural root formation (He et al. 2005) . The genes encoding the siringolide transcription factor, although related more directly to biotic stress, presented the greatest expression for both genotypes with the treatments that were applied (Tables 3, 4, 5, 6) . Siringolide is an elicitor that functions in pathogen recognition by linking to a cytoplasmic protein that is present both in resistant and in susceptible soybean cultivars (Rpg4/rpg4). Several biochemical processes are activated in the recognition Fig. 3 The interrelationship of the differentially expressed genes in the analyzed soybean genotypes, MG/BR46 (Conquista) and BR16, under different drought conditions in a hydroponic system (T 1 , 25 and 50-min stress; T 2 , 75 and 100-min stress). Time zero (T 0 , without stress) was used as control in cDNA microarray analysis process, such as the activation of other defense genes, biosynthesis of phytoalexin and generation of reactive oxygen species (ROS) (Slaymaker and Keen 2003) . The participation of a and b siringolide genes in the drought tolerance process in the soybean plants studied was also related to this induction of gene expression, such as stressresponsive MAP-kinase proteins, ROS, and other still unknown processes that are common to biotic and abiotic stresses.
Genes encoding components of protein synthesis were also quickly induced in T 1 in MG/BR46 (Conquista); however, the expression of these genes did not persist until T 2 . These results suggest a time control at the cellular level ensuring synthesis of chaperonin 10 (CPN10) (Fig. 4) , observed by the quantification of its mRNA by qRT-PCR, in order to assure the stabilization of the synthesized proteins and, thus, the short-term expression of components involved in protein syntheses, such as the structural components of the ribosomes.
Gmlea14 presented differential expression in these genotypes analyzed by microarrays (Fig. 3) , and, after validation by qRT-PCR, higher expression was observed in MG/BR46 in all the treatments assessed, although BR16 also presented high Gmlea14 expression (Fig. 4) . This gene Fig. 4 Expression levels for the differentially expressed genes, Gmerd1, GmsyrA, GmsyrB, Gmp450, Gmcpn10, and Gmlea14 in two soybean genotypes, MG/BR46 (Conquista) (blue) and BR16 (red), submitted to stress treatments (25, 50, 75 , and 100 min) in a hydroponic system. Time zero (0 min) was used as calibrator and the Gm β-actin gene was used as a reference gene to normalize data. qRT-PCR for each gene was performed in triplicate for each of the three independent biological replicates. Significance was determined with REST software version 2.0.7 (p value<0.05) was identified in A. thaliana plants containing the dreb1a gene when submitted to cold (Maruyama et al. 2004) ; it may also be activated under drought conditions, since it was detected in the present study. Research by Seki et al. (2002) on 7,000 A. thaliana genes, permitted the identification of 277 genes induced by drought, 53 genes induced by cold, and 194 genes induced by salinity. Expression of lea14 gene was increased more than four times in all these stresses, indicating its importance in tolerance to abiotic stresses (Fig. 4) . Most genes encoding LEA proteins had abscisic acid response (ABRE) and/or low temperature response (LTRE) elements in their promoters, and many genes containing the respective promoter elements were induced by abscisic acid, cold, or drought (Hundertmark and Hincha 2008) .
For a better overview of the characteristic features of the different LEA groups in Arabidopsis, its group-specific characteristics were compiled: LEA4 group is the most dominant containing 18 members. This group is very heterogeneous, and the gene products differ greatly in size and GRAVY (Grand Average of Hydropathy) index. Although the LEA proteins in G. hirsutum show this conserved motif, it seems to be quite variable in LEA4 group genes from other species (Dure 1993) . The second biggest group is the dehydrin group with ten genes, such as genes directly involved in drought tolerance. This is similar to the number found in rice (8) and in barley (13) (Choi et al. 1999) , but much more than in poplar and grapevine (Alsheikh et al. 2005) .
It is well established that osmotic stresses such as drought cause rapid and excessive accumulation of ROS in plant cells, leading to oxidative stress and early senescence (Navabpour et al. 2003) . Crucial biological processes in plants such as hormone response, stress response, photomorphogenesis, and senescence are regulated by proteolysis, such as the results obtained in this study. Analysis of the cDNA array hybridization patterns showed by Clement et al. (2008) allowed validating 56 up-regulated genes under a drought condition. Approximately 50% of the validated genes (22/56) encode proteins involved in general metabolism and in maintenance of essential functions, indicating that water-stressed nodules were still in an active metabolic state. The other up-regulated genes encode proteins implicated in cell type differentiation, protein fate, signal transduction mechanisms, cell rescue, defense, and virulence suggesting that stressed nodules underwent a strong change in gene regulation.
Conclusion
Our study presents a number of new markers potentially involved in drought tolerance of leguminous plants. It is well known that small changes in gene expression might drastically change the protein levels. Thus, proteomic analysis will be required to correlate the transcript levels to the protein contents in drought-stressed plants to relate with gene expression. In two soybean genotypes with contrasting drought tolerance, 145 genes were differentially expressed. It was verified that the two genotypes presented different transcriptional profiles and activated genes differently in response to drought. Some of these genes are candidates for more detailed study at the cellular and functional levels, such as Gmsiringolide, which presented increased expression. In addition, Gmnac2 and Gmerd1 require more detailed analyses especially in their promoter regions, enabling the construction of over-expression cassettes or genetic silencing to confirm their involvement in the drought tolerance mechanism. Furthermore, 20% of the genes identified have not been reported in other organisms, indicating the potential for finding new genes related to drought tolerance in soybean.
